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AN ONCX)LYTIC7IMMDNOGENIC COMPLEMENTARY-ADENOVIRAL 

VECTOR SYSTEM 

FIELD OF THE INVENTION 
The invention is in the field of adenoviral vectors and their use in treating disease. 

BACKGROUND OF THE INVENTION 
Basic Adenoviral Vector Technology 

Adenoviruses (Ad) consist of nonenveloped icosahedral (20 facets and 12 
vertices) protein capsids with a diameter of 60-90 nm and inner DNA/protein cores 
(Horwitz, 1990). The outer capsid is composed of 252 capsomers arranged geometrically 
to form 240 hexons (12 hexons per facet) and 12 penton bases; the latter are located at 
each vertex from which protrude the antennalike fibers. This structure is responsible for 
attachment of Ad to cells during infection. Wild-type Ad contain 87% protein and 13% 
DNA and have a density of 1 .34 g/ml in CsCL 

The double-stranded linear DNA genome of Ad is approximately 36 kb, and is 
conventionally divided into 100 map units (mu). Each end of the viral genome has a 100- 
150 bp repeated DNA sequence, called the inverted terminal repeats (TTR). The left end 
(194-385 bp) contains the signal for encapsidation (packaging signal). Both the ITRs and 
the packaging signal are cis-acting elements necessary for adenoviral DNA replication 
and packaging (Sussenbach, 1984; Philipson, 1984). 

A simplified map of the adenovirus type 5 (Ad5) genome with a few key 
landmarks is diagrammed in Figure 1 (Stratford-Perricaudet and Perricaudet, 1991; 
Graham and Prevec, 1991). The early (E) and late (L) regions of the genome contain 
several transcription units and are divided according to the onset of viral DNA 
replication. The El region (El A and E1B) encodes proteins responsible for the regulation 
of transcription of the viral genome as well as a few cellular genes (Nevins, 1993). The 
expression of the E2 region (E2A and E2B) leads to the synthesis of the proteins needed 
for viral DNA replication (Pettersson and Roberts, 1986). The proteins from the E3 
region prevent cytolysis by cytotoxic T cells and tumor necrosis factor (Wold and 
Gooding, 1991). The E4 proteins are involved in DNA replication, late gene expression 
and splicing, and host cell shut-off (Halbert et al, 1985). The products of die late genes, 
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including the majority of the viral capsid proteins, are expressed after processing of a 20- 
kb primary transcript driven by the major late promoter (MLP) (Shaw and Ziff, 1980). 
The MLP (located at 16.8 mu) is particularly efficient during the late phase of infection, 
and the mRNAs issued from this promoter possess a 5' tripartite leader (TL) sequence, 
which increases the preference of the host cell for such transcripts as opposed to host cell 
mRNAs. 

The use of Ad as vectors for expression of heterologous genes began soon after 
the observation of hybrids between Ad and simian virus 40 (SV40) during the 1960s. 
Since men, Ad vectors have gradually developed into one of the major viral vectors in the 
current field of gene therapy, because: (a) Ad have been widely studied and well 
characterized as a model system for eukaryotic gene regulation, which served as a solid 
base for vector development; (b) The vectors are easy to generate and manipulate; (c) Ad 
exhibits a broad host range in vitro and in vivo with high infectivity, including non- 
dividing cells; (d) Ad particles are relative stable and can be obtained in high titers, e.g., 
15 10 IO -10 K plaque-forming unit (PFU)/ml; (e) The life cycle of adenovirus does not require 
integration into foe host cell genome, and, therefore, foe foreign genes delivered by Ad 
vectors are expressed episomally, thus having low genotoxicity if applied in vivo; (f) Side 
effects have not been reported following vaccination of U. S. recruits with wild-type Ad, 
demonstrating their safety for in vivo gene transfer. Ad vectors have been successfully 
used in eukaryotic gene expression (Levrero et ai, 1991; Ghosh-Choudhury, 186), vaccine 
development (Granhaus and Horwitz, 1992; Graham and Prevec, 1992), and gene transfer 
in animal models (Stratford-Perricaudet and Perricaudet, 1991; Stratford-Perricaudet et 
aL 1992; Rich et aL 1993). Experimental routes for administrating recombinant Ad to 
different tissues in vivo have included intratracheal instillation (Rosenfeld et aL 1992), 
25 muscle injection (Quantin et al 1992), peripheral intravenous injection (Herz and Gerard, 
1993), and stereotactic inoculation to brain (LaSalle et al, 1993). The initial Ad-mediated 
gene therapy trial in humans was the transfer of the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene to lung tissues (Crystal et al, 1994). 
Gene-Transfer Mediated Anticancer Immunity 

One of foe most effective current approaches to cancer gene therapy involves 
alteration of the tumor-host relationship and facilitation of recognition and destruction of 
malignant cells by foe host immune system. In the tumor-bearing individual, a lack of an 
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effective immune response may be due in part to either weak tumor cell antigenicity, lack 
of immune co-stimulation, or a tumor-specific immunosuppressive environment Gene 
transfer of cytokines to tumor cells provides a strategy for augmentation of an effective 
anti-tumor immune response (Miller et al, 1994). In recent years, a number of cytokine 
genes have been isolated, cloned and characterized Systemic administration of certain of 
these immunomodulatory such as IL-2, has resulted in an anti-tumor response. However, 
significant toxicity has accompanied the use of many of these biologies owing to the high 
concentrations needed to generate clinical effects. The combination of significant 
undesired effects and marginal therapeutic outcomes from systemic administration has 
stimulated efforts to genetically engineer tumor cells to produce the cytokines themselves 
(Rosenberg etal, 1989). 

In animal models, gene-modified tumor cells have been used as vaccines to 
stimulate anti-tumor response (Miller et al, 1994; Dranoff and Mulligan, 1995). The 
appeal of tumor directed cytokine gene transfer is that the cytokine, produced locally, is 
15 immunologically more efficient and does not cause systemic toxicity. Tumor antigens 
expressed on neoplastic cells in combination with high local concentrations of 
cytokine(s), creates an immunological micro-environment virtually impossible to 
reproduce with exogenous cytokine administration. This immunological micro- 
environment created by such cytokine-producing tumor cells has been shown to result in 
20 generation of cytotoxic T lymphocytes. In a number of different animal models, cytokine- 
producing tumor cells have been shown to be effective in decreasing the tumorgenicity 
and increasing the expression of immunologically important molecules (Miller et al, 
1994; Dranoff and Mulligan, 1995). The initial antitumor rejection appears to be 
accompanied by a nonspecific inflammatory response. However, rejection of cytokine 
25 secreting tumor cells has in most instances led to the generation of systemic, tumor 
specific immunity that is T cell-dependent 

In addition, new evidence indicates that co-stimulation of T cells by the co- 
stimulatory molecule B7 has both a positive and negative effect on T cell activation 
(Leach et al, 1996). Other co-stimulatory molecules for T cells such as ICAM-I, LFA-3 
and VCAM-I have also been implicated in the induction of an anti-tumor response 
(Springer, 1990). The most powerful of these co-stimulatory signals is provided by the 
interaction of CD28 on a T cell with either or both of its primary ligands, B7-1 (CD80) 
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and B7-2 (CD 86) on the surface of an antigen presenting cell (Lenschow et al, 1996). In a 
variety of model systems, tumor cells transfected with the B7 cDNA induced potent 
antitumor responses against bom modified and unmodified tumor cells (Townsend and 
Allison, 1993) 

It has long been known that bom Class I and Class E MHC molecules are 
involved in the tumor antigen presentation, although different pathways are utilized by 
the two classes of molecules. Class I MHC has been shown to activate tumor-specific 
CTL in vitro. Early work on tumor vaccination included transfection of MHC class I 
genes and resulted in suppression of the tumor cells in tumorigenicity and/or metastasis in 
mouse models (Hui et al, 1984; Wallich et al, 1985) MHC class H genes were shown to 
be involved in activation of tumor-specific T-helper cells, and the introduction of Class II 
genes into tumor cells resulted in a decrease in the tumorigenicity and generated a 
systemic immune response against the parental tumor (Ostrand-Rosenberg, 1990). 
Despite these positive results, the relationship between levels of MHC expression and 
immunogenicity is inconsistent among tumor models. Researchers have recently begun 
to believe that the inconsistency is caused by other cofactors, such as die B7 co- 
stimulatory molecule, which affects the antigen presentation by MHC/peptide complexes. 

Interferon gamma (IFN-y) is a pleiotropic cytokine that, for example, activates 
macrophages and plays an important role in the inflammatory response (Billiau, 1996). 
This pleiotropic cytokine is also a potent inducer of MHC class I and class II antigens and 
thus is capable of enhancing immune responses (Wallach et al, 1982; Chen et al, 1986). 
Retroviral transduction of a cDNA encoding murine IFN-y into a non-hnmunogenic 
murine sarcoma cell line that expresses low levels of MHC Class I only weakly induced 
upregulation of MHC class I antigen expression and generated anti-tumor CD8 + TIL. 
Following tumor rejection, long-lasting protection from rechallenge with parental cells 
was induced (Nicholas et al, 1992). Moreover, innoculation of mice having micro- 
metastases with tumor cells producing large amounts of IFN-y almost completely cured 
these mice by inducing CTL (Porgador et aL 1 993). The cDNA for human IFN-y has also 
been introduced into human renal cancer cells and melanoma cells (Gansbacher et al, 
1992; Gastl et al, 1992). Renal cancer cells secreting IFN-y showed increased expression 
of MHC class I antigen, p^-nucroglobulin, and intracellular adhesion molecule L as well 
as induction of MHC class II antigen expression. However, tumor formation by a human 
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renal cancer cell line transplanted into nu/nu mice was not affected by IFN-y secretion, 
whereas EL-2 production inhibited growth of the tumor. 

Many other cytokines, chemokines, and intercrines have been shown to play 
several different roles in eliciting antitumor immunity (Allione et al., 1994; Plata- 
5 Salaman and Borkoski, 1994; Zhang and Fang, 1995). Further studies using gene transfer 
of multiple cytokine or immuno-stimulatory genes have obtained induction of stronger 
anticancer immunity (Vagliani et al, 1996). The cytokine or immune modulatory genes 
have also been used in combination with other gene transfer for development of more 
effective approaches to gene therapy of cancer (Zhang and Fang, 1 995). 

10 Genetically-Engineered Virus Therapy of Cancer 

Since the 1920s, viruses have been utilized to induce oncolysis (See review 
article: Sinkovics and Horvath, 1993). Occasionally, natural human viral infections 
induce remissions of leukemia or lymphomas. Inoculation of tumor-bearing patients with 
live viruses were initiated in the late 1940s. Early studies utilized attenuated liver rabies 

1 5 vaccine to treat melanoma, and induced partial remissions. This was followed by clinical 
trials to measure the effect of myxo-, paramyxo- and arboviruses on various 
malignancies. Occasional temporary regressions of tumors were observed, however, 
regression was eventually followed by regrowth of tumor and death of patients. Other 
investigators used lymphocytopenia murine virus, live mumps virus or human 

20 enteroviruses to treat cancers through various routes including intra-vein, intra-tumor, 
ingestion, or inhalation, but did not obtained documented cases of cancer cures 
(Sinkovics and Horvath, 1993). 

Parvoviruses are small single-stranded DNA viruses which replicate in the 
nucleus and are able to infect insects, birds, and a variety of mammals, including humans. 

25 The parvoviruses of vertebrates are divided into the groups adeno-associated viruses 
(AAV) and autonomous parvoviruses on the basis of the requirement of the former for 
helper viruses such as Ad. The distinction, however, is not absolute. Parvovirus 
replication depends on host cell factors, some of which are expressed during cell 
proliferation and differentiation (Cotmore and Tattersall, 1987). The outcome of 

30 parvovirus infection is dependent on the physiological state of the host cells. Recent 
studies have shown that a number of human and murine cells committed to neoplastic 
transformation are significantly more sensitive to the killing effect of prototype strain 
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MVMp of autonomous parvovirus minute virus of mice (MVM) or H-l than are then- 
normal progenitors (Comelis et al, 1988; Comelis et al, 1990; Spegelaere et al, 1991). 

Although the molecular mechanism underlying modulation of autonomous 
parvovirus-host cell interactions by neoplastic transformation is poorly understood, the 
5 potential application of the transformation-dependent replication of the viruses has been 
considered for development of recombinant vectors for tumor-specific killing (Russell et 
al 1992; Dupont et al, 1994). However, preliminary experimental results showed that an 
additional mechanism is needed for the viral vector to induce effective transfonned-cell 
killing (Personal communication with Dr. Francis Dupont). 

10 Wild-type live human adenoviruses has been utilized to treat cervical cancer 

(Smith et al, 1956). Large amounts of virus were given to patients through intratumoral, 
intra-aiterial, or intravenous inoculation. An appreciable illness or change other than 
necrosis of cancer tissue was not observed. The autopsy findings confirmed the clinical 
observations that the injected virus produced only local effects on the cervical tumor and 

15 did not affect the progressive growth of tumor in the pelvic tissues or the development 
and growth of metastases. 

The use of Ad vectors in gene therapy have been rapidly developed. ^The 
application potential of the genetically-engineered Ad for gene therapy of cancer has been 
widely explored with many different strategies (Descamps et al, 1996). Ad vector- 

20 mediated delivery of genes encoding such proteins as cytokines, interferons, co- 
stimulatory molecules or factors have induced anticancer immunity in various animal 
models (Addison et al., 1995; Zhang et al., 1996). However, the efficacy of this type of 
approach in treatment of human cancer remains to be determined through clinical trials. 
Utilization of tumor-specific or tissue-specific promoter/enhancer cassettes 

25 Both immuno-gene therapy and virus-mediated gene therapy for cancer have 

limitations in either therapeutic efficacy or specificity in cancer cell killing. For the latter, 
novel approaches have been proposed and tested with the goal of targeting gene 
expression specifically to tumor cells. Progress has been made in targeting infectious 
recombinant viral vectors to cells through cellular surface receptors by genetic or 

30 biochemical modification of the viral surface. An alternative approach is to target cancer 
cells at the transcriptional level using lineage-specific promoters that restrict expression 
of effector genes to tumor cells and related normal cells derived from the same 
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developmental lineage (Hart, 1996). Examples of tumor types that have been targeted in 
this manner include colon (Osaki et aL, 1994; Richards et al., 1995), lung (Osaki et al., 
1994; Smith et al., 1994), breast (Manome et al., 1994), hepatocellular carcinomas 
(Huber et al, 1991; Ido et al, 1995; Kaneko et al, 1995), and melanoma (Vile et al, 1993; 
Sidersetal, 1996). 

The application of tumor- or tissue-specific promoter/enhancers has also been 
used in a therapeutic approach called "virus-directed enzyme/prodrug therapy" (VDEPT) 
(Huber et al, 1991). These studies demonstrated enhancement of tumor-killing efficacy 
and reduction of the side effects of such therapy on normal cells (the "bystander effect* ^ 
by tissue- or tumor-specific driven expression of prodrug-activation genes (Manome et al, 
1994; DiMaioetaL 1994). 

The a-fetoprotein (AFP) promoter/enhancer cassettes have been utilized to 
control El expression from an Ad vector in order to induce a virus-mediated oncolytic 
effect on hepatocellular carcinoma (Hallenbeck et al, 1996). As proof of concept for the 
1 5 first generation of a tumor specific replication competent adenoviral (TSRCA) vector, the 
Ad5 El promoter of a wild-type Ad was replaced with a modified version of the AFP 
promoter. The vectors were shown to replicate in two-thirds of human hepatocellular 
carcinoma cell lines tested that expressed high levels of AFP. Furthermore, 
approximately 500-1000 hepatocellular carcinoma cells per virion particle were destroyed 
in a 13 day assay. Little to no replication was observed in two liver cell lines, two lung 
cancer cell lines, one colon cancer cell line, and one cervical cancer cell line, each of 
which do not produce AFP. In addition, investigators tested two primary cultures of 
normal human lung epithelial and endothelial cells for replication of the vectors since 
lung tissue is the primary target for Ad replication in human. Neither primary culture 
25 supported replication of the vectors, demonstrating the specificity of the vectors in cancer 
cell killing (Hallenbeck et aL 1996). The investigators also proposed the use of other 
tumor-specific promoter/enhancers of different cancers using the same type of design as 
the TSRCA vector. 

Therapy of cancer using wild-type viruses seldom results in durable, complete 
30 remission. The use of genetically-engineered viral vectors to deliver a gene encoding a 
toxin, cytokine, or immuno-sthnulatory factor has demonstrated certain encouraging 
results using animal models. However, clinical application of these methods is limited by 
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for example, be the a-fetoprotein promoter, the DF-3 mucin enhancer, the tyrosinase 
promoter, the carcinoembryonic (CEA) promoter, the prostate specific antigen (PSA) 
promoter, or the H, parvovirus promoter. The immunomodulatory protein may, for 
example, be an interferon (BFN) such as IFN-y, a B7 co-stimulatory molecule such as 
5 B7.1, an interleukin, a chemokme or a tumor-specific antigen. For other applications, the 
promoter also can be cell cycle specifically inducible or synthetic promoters/enhancers. 

This invention also comprises a "supplemental vector" which provides proteins 
required for replication of the controlled vector and foe supplemental vector in foe tumor 
cell 

10 This invention also includes methods of making and purifying the vectors of the 

invention by transfecting cell lines in which the vectors can replicate and are packaged in 
large amounts. Purification may be completed using a biochemical technique such as 
cesium chloride (CsCl) centrifugation, for example. 

The present invention further provides a modified adenoviral vector which: 1.) 
15 increases the capacity of foe vector for carrying one or multiple therapeutic genes; 2.) 
targets adenoviral replication to a specific type of host cell or tissue by providing a gene 
encoding the AdEl protein operably linked to a cell type or tissue-specific transcriptional 
regulatory region; 3.) induces expression of an immunomodulatory protein or proteins 
within a tumor cell to increase foe immune response against local and distant sites of 
20 tumor growth; 4.) provides a composition of tissue specific mutually dependent 
adenoviral vector hereinafter referred to as "complementary-Ad vector system" system 
foat induces expression of an immunomodulatory protein and transcriptionally targets 
adenoviral replication to specific cell types. 

It is an objective of the present invention to provide vectors and methodologies 
25 needed to combine the specific tumoricidal effect of Ad vectors with induction of 
systemic anticancer immune responses by delivery of effector genes such as cytokines, 
chemokines, tumor antigens, MHC molecules, cell adhesion molecules, and / or other 
immunomodulating factors. Preferably, the present invention provides a controlled-Ad 
vector having large gene-carrying capacity that may be utilized to deliver single or 
multiple expression cassettes comprising immunomodulatory or tumor suppressor genes. 
Ideally, the complementary-Ad vector system induces a local specific-tumoricidal effect 
together with a systemic anticancer immune response. Therefore, it is further an objective 
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of fl»e present invention to provide specific tumor cell killing at local and remote sites for 
elimination of primary and metastatic cancer cells. 

It is yet another objective of the present invention to provide two Ad vectors that 
complement each other for replication and have separate roles in lysing tumor cells and 

5 delivering effector genes. The present invention therefore provides a supplemental-Ad 
vector, having an El region deletion or substitution and a modified or unmodified 
packaging signal, and that provides the viral DNA replication and capsid proteins 
necessary for packaging of the controUed-Ad. In a preferred embodiment the 
supplemental Ad vector has a modified packaging signal and the controlled-Ad vector has 

0 a wild-type packaging signal to gain packaging advantages over the supplemental Ad 
vector and the El region controlled by a tissue-specific or tumor-activated 
promoter/enhancer cassette for trans-activation of the supplemental-Ad transcription and 
replication. 

It is also an objective of the present invention to provide tumor-directed cytokine 
5 gene transfer such that the cytokine is produced locally, thus providing an 
immunologically more efficient system and does not cause systemic toxicity. The 
combination of significant undesired effects and mar gin^ therapeutic outcomes from 
systemic administration has stimulated efforts to genetically engineer tumor cells to 
produce the cytokines themselves (Rosenberg et al, 1989). 
0 It will be understood by those skilled in the art that the present invention is not 

limited in application to gene therapy of cancer. Other applications of the present 
invention are contemplated. 

s BRIEF DESCRIPTION OF TW E FIGURES 

Figure 1. The genome and transcription units of Ad5. 

The length Ad5 genome is about 36 kb, divided into 100 map units (mu). The 
dotted arrows represent early (E) transcription and the solid arrows represent late (L) 
transcription. The directions of transcription are indicated by arrows. Gaps between 
) arrows indicate intervening sequences. The box represents location of the major later 
promoter and tripartite leader sequences (MLP). The solid triangle at 1 mu represents the 
location of the packaging signal. 
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Figure 2. The principle of the complementary-Ad vector system. 

Shown are two major components of the system: the supplemental-Ad, and the 
controlled-Ad vector. With the El-transactivation from die helps- cell by activation of 
the specific promoter/enhancer earned by the controlled-Ad, the supplemental-Ad 
5 replicates itself and produces die late protons to form capsids. However, the packaging of 
the supplemental-Ad genome into the capsid is inefficient due to the packaging 
attenuation associated with the supplemental-Ad In the presence of die controlled-Ad 
vector genome, the supplemental-Ad also supports the DNA replication of the controlled- 
Ad vector genome, which is preferentially packaged due to its wild-type packaging signal 
10 that has high affinity to the limiting amount of the packaging proteins. Further 
purification of the Ad vectors can be achieved by biochemical or physical method, such 
as ultracentrifugation. 

Figure 3. The packaging signal of Ad5. 

15 Shown is the sequence and position of the packaging signal of Ad5 at the left end 

of the viral genome. There are 7 A-repeats identified as the packaging signal motLfe. The 
consensus sequence of the A-repeat is proposed at the bottom of the figure. 
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Figure 4. The prototype of the supplemental-Ad and die controlled-Ad vectors* 

Shown is the general structure of the helper virus and the controlled-Ad vectors. 
The latter have up to 36-kb gene delivery capacity that can be quipped with single or 
multiple gene expression cassettes. 



Figure 5. Basic composition of the oncolytic/immunogenic Ad vector system. 

25 The basic elements of the system are the supplemental-Ad vector and the 

controlled-Ad vector. (A) The supplemental-Ad is similar to the El -substituted first 
generation Ad, but has a partial deletion of its packaging signal. The El region is 
replaced by a reporter gene, here is the lacZ gene for p-gal protein. (B) The controlled- 
Ad, containing only the minimal cis-element of Ad genome (two TTRs with the 

30 packaging signal), carries a promoter/enhancer to drive the Ad El gene (Ad5El). The 
promoter/enhancer is activated specifically in target cell, such as a cancerous or 
transformed cell. The AdEl gene under the control of this element is specifically 
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transcribed in tumor cells. The El protein then trans-activates the genome of the 
supplemental virus that has the El region substituted by a reporter gene and also has a 
manipulated packaging signal such that packaging of the controlled-Ad is preferred in the 
cell. The supplemental virus, activated by the El proteins, is able to replicate in the 
tumor cells, resulting in lysis of those cells. 

Figure 6. Construction of the shuttle vector to generate the packaging attenuated 
supplemental-AdHfi. 

To construct GT5000, the mutant packaging signal sequence, mt *F, was amplified 
by PCR and substituted in a shuttle vector with an Ad5 sequence extended until 28.9 mu 
(GT4004). A B-gal expression cassette from pTk-fi was cloned into the El-deletion of 
GT5000 to give the final shuttle vector GT5001. 

Figure 7. Generation of AdHfl. 

15 The shuttle vector GT5001 (see Fig. 6) was cotransfected with pJM17 in 293 

cells. Recombination in the homologous 7 Kb region between these plasmids (9.24 to 
28.9 mu of Ad5) yields a packageable virus with the left part coming from GT5001. The 
numbers in the left region of AdHB shown at the bottom correspond to Ad5 nt sequence 
and indicate the extension of the double deletion in the packaging signal and the deletion 

20 in El where the B-gal expression cassette is inserted After two weeks of this 
cotransfection, several blue plaques were isolated and the mutation in the packaging 
signal was analyzed by PCR with oligos 7 an 8. The size of the amplified fragment, 310 
bp for the wild type packaging signal (wtW) and 177 bp for the mutant packagin g signal 
(pit *F), can be distinguished in a 2% agarose gel as shown. 1 Kb ladder, 1 Kb DNA 

25 ladder marker from Gibco BRL (Gaithersburg, MD); wt W and mt *F PCR controls where 
vDNA was extracted from an El-deleted vector, Ad-CMVBgal, and from dllO/28 virus 
respectively; blue plaque, vDNA from a plaque that stained blue with X-gal; white 
plaque, vDNA from a plaque that did not stained blue with X-gal. 



30 Figure 8. Cloning of controIled-Ad vector pGT8027 

A fragment containing the El genes was inserted downstream of AFP promoter in 
pAFPGFP to form pGT8025. Expression cassettes of RSV/B7 and EFp/IFN-y were 
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cloned into Ad vector pGT5405 at Pac I site forming pGT8026. The El genes under 
control of AFP promoter were then inserted into pGT8026 at Not I site to generate the 
final controlled vector pGT8027. 

5 Figure 9. Cloning of controIled-Ad vector pGT8028 

A fragment containing the El genes was inserted downstream of partial genome 
of HI autonomous parvovirus which contain the p4 and p38 promoters and the complete 
NS1 gene. The El genes under control of the p4 and p38 parvovirus promote- were thai 
inserted into pGT8026 at Not I site to generate the final controlled vector pGT8028. 

10 

Figure 10. Variation possibilities of the oncolytic/immunogenic complementary-Ad 
vectors 

Shown are the variable structures of the supplemental-Ad (A) and controlled-Ad 
(B) that can be designed in accordance with the need of application. The critical aspect of 

15 flie variation is that the two vectors complement each other in Ad genome function such 
as El genes and/or other early genes. The complementation elements of the two vectors 
are listed in the Table (C). The transgene and supporting elements were mainly included 
in the controlled-Ad vectors, but this does not exclude the requirement for the 
supplemental-Ad for those elements in certain circumstances. Deletion of an early Ad 

20 gene that encodes the cell cycling inducer will abrogate the replicative capability of 
adenovirus in the normal resting cells, but allow the controlled-Ad specifically drive 
replication and propagation of the complementary-Ad vectors in tumor cells that have 
defect in the counterpart of the deleted viral gene product Two examples are the viral 
proteins Elb-p55 and Elb that are dispensible for virus propagation in p53-deleted (or 

25 mutated) or retinoblastoma-deleted (or mutated) tumor cells, respectively. 



Figure 11. Methods for generation of the complementary-Ad vector system. 

To generate the complementary-viral vector system, two different 
complementation protocols can be used that may give similar yields. In the first one the 
30 controlled-Ad plasmid is co-transfected with vDNA from AdHB, and the helper cells are 
cultured until CPE is observed. In the second method, three days after an initial co- 
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transfection of the controlled vector plasmid with pBHGlO, AdHB is added as 
supplemental virus, and the cells are cultured until CPE is observed 

Figure 12. Clinical application approach of the oncolytic/immunogenic 
5 complementary-Ad vector system. 

Oncolytic controlled-Ad are generated by co-transfection of two plasmids in a 
helper cell line: The controlled-Ad plasmid contain one or more Ad genes regulated by a 
tumor-activated promoter/enhancer, the supplemental-Ad plasmid contains the remainder 
of the Ad genes, and the helper cell line is a tumor-derived cell line in which the tumor- 
10 activated promoter of the controlled-Ad is functional. The contiolled-Ad and the 
supplemental-Ad complement each other in the supplemental cell line and propagate as a 
virus mixture. The vector mixture can be purified through CsCl gradients and injected 
locally or systemically the tumor mass or the tumor bed following surgical debulking. 
The tumor-activated promoter/enhancer specifically transcribes in tumor cells the AdEl 
15 genes to produce E1A and E1B proteins that transactivate transcription and replication of 
the supplemental-Ad. The controlled-Ad vector also replicates with the propagation of the 
supplemental-Ad The replication of the controlled-Ad produces high copy numbers of 
the controlled-Ad genome, which supports high level expression of the 
immunomodulatory genes to induce specific anti-cancer immunity. Propagation of the 
supplemental-Ad in the tumor cells results in lysis of the tumor cells. This system 
generates a local tumoricidal effect and a systemic antitumoral response that results in 
rejection of distant metastases. 



20 



DETAILED DESCRIPTION OF THE INVENTION 
IS It will be appreciated by those skilled in the art that the present invention provides 

reagents and methodologies that substantially improve current gene therapeutic 
technologies used for the treatment of cancer and other diseases. The present invention 
provides mutually-dependent complementary tissue specific replicable adenoviral (Ad) 
vector system useful for the treatment of neoplasia and other diseases. The system may 
30 comprise a controlled-Ad vector, a supplemental- Ad. The controlled-Ad has minimal Ad 
as-elements (inverted terminal repeats or "ETR" and a packaging signal) and a tumor- or 
tissue-specific promoter/enhancer cassette driving expression of the Ad El genes. Hie 
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controlled-Ad vector further comprises an expression cassette having a gene of interest 
such as an immunomodulatory gene or other Ad early-region gene. The supplemental-Ad 
comprises an attenuated packaging signal, a deletion of the El region, and the remainder 
of the Ad genome with or without substitution. The Ad vectors thus produced using mis 
5 system comprise a pair of human recombinant adenoviruses that are mutually dependent, 
and are termed "complementary Ad vectors''. The most direct application of the system 
is gene therapy of cancer. Upon local or systemic injection to infect a tumor mass, the 
vectors can preferentially replicate in tumor cells and express immunomodulatory 
proteins, which preferably results in a local tumoricidal effect and induction of a systemic 
1 0 anticancer immune responses. 

Those skilled in the gene therapy arts will recognize techniques useful in 
practicing the present invention. Molecular Cloning: A Laboratory Manual (Sambrook, 
et al., 1989, Cold Spring Harbor Laboratory Press), Gene Expression Technology 
(Methods in Enzymology, Vol. 185, edited by D. Goeddel, 1991. Academic Press, San 
15 Diego, CA), PCR Protocols: A Guide to Methods and Applications (Innis, et al. 1990. 
Academic Press, San Diego, CA), Culture of Animal Cells: A Manual of Basic 
Technique, 7* Ed. (R-L Freshney. 1987. Liss, Inc. New York, NY), Antibodies: A 
Laboratory Manual (Harlow and Lane. 1988. Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY), Guide to Protein Purification: Methods in Enzymology, VoL 182 
20 (MP. Deutscher, ed. Academic Press, San Diego, CA). 

Within this application, DNA molecule is defined a plasmid, virus, autonomously 
replicating sequence, phage or linear segment of a single- or double-stranded DNA or 
RNA derived from any source. 

A reporter construct is defined as a subchromosomal and purified DNA molecule 
25 comprising a gene encoding an assayable product 

A gene expressed in a tissue-specific or tumor-specific manner is that which 
demonstrates a greater amount of expression in one tissue as opposed to one or more 
second tissues in an organism. 

An effector gene is defined as any gene that, upon expression of the polypeptide 
30 encoded by the gene, confers an effect on an organism, tissue or cell. 



Heterologous DNA is defined as DNA introduced into an adenoviral construct mat 
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was isolated from a source otho* than an adenoviral genome. 

A transgene is defined as a gene that has been inserted into the genome of an 
organism other than that normally present in the genome of the organism. 

A recombinan t adenoviral vector is defined as a adenovirus having at least one 
5 segment of heterologous DNA included in its genome. 

Adenoviral particle is defined as an infectious adenovirus, including both wild 
type or recombinant The adenovirus includes but is not limited to a DNA molecule 
encapsidated by a protein coat encoded within an adenoviral genome. 

A recombinant adenoviral particle is defined as an infectious adenovirus having 
10 at least one portion of its genome derived from at least one other source, including both 
adenoviral genetic material as well as genetic material other than adenoviral genetic 
material. 

A treatable condition is defined as a condition of an organism that may be altered 
by adminis tration of a form of treatment including but not limited to those treatments 
1 5 commonly defined as being of medicinal origin. 

An antig en is defined as a molecule to which an antibody binds and may further 
include any molecule capable of stimulating an immune response, including both 
activation and repression or suppression of an immune response. 

A tumor suppressor gene is defined as a gene that, upon expression of its protein 
20 product, serves to suppress the development of a tumor including but not limited to 
growth suppression or induction of cell death. 

A growth suppressor gene is defined as a gene that, upon expression of its protein 
product, serves to suppress the growth of a cell. 

An oncogene is defined as a cancer-causing gene. 
25 An immunomodulatory zene is defined as any gene that, upon expression of its 

nucleic acid or protein product, serves to alter an immune reaction. 

A genetic condition is defined in this application as a condition of an organism 
that is a at least partially the result of expression of at least one specific gene including 
but not limited to the wild-type form of that gene and any mutant form of that gene. 
30 An expression cassette is a DNA fragment comprising a coding sequence for a 

reporter or effector gene operably linked to a transcriptional regulatory region or a 
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transcriptional control region sufficient for expression of the encoded protein in an 
appropriate cell type. 

Most adenoviral vectors currently in use by those skilled in the art are deleted in 
the El region and propagated in a 293 cell line that provides the missing El functions 
(Graham et al, 1977). In other cases, helper viruses have been used to package vectors 
containing large deletions of the viral genome. However, a major disadvantage of such 
systems is that the majority of the virus packaged is helper virus (similar to, in the present 
invention, the supplemental-Ad). The applicants have previously demonstrated in U.S. 
Patent Application No. 08/658,961 filed May 31, 1996 complementation of large 
deletions in the Ad vector genome by a helper vector having a partial deletion of die 
packaging signal The application is incorporated herein by reference. The supplemental 
vector also has the El region substituted by a fl-gal expression cassette and needs, 
therefore, to be propagated in 293 cells. The supplemental vector complements the 
controlled-Ad vectors having those the adenoviral genes deleted. 
15 In the present invention, the term "controlled-Ad vector" refers to a vector in 

whi ch, with the exception of the El gene region, adenoviral coding sequences are deleted 
and the vector comprises the minimal elements necessary for replication and packaging. 
The "supplemental- Ad vector" provides proteins required to maintain replication and 
packaging of both the controlled-Ad vector and the supplemental-Ad vector. In the 
20 present invention, a controlled-Ad vector comprising the early Ad gene or genes (El, E4 
or E2) that are missing in die supplemental-Ad vector is provided. With this additional 
sequence, the controlled-Ad may support replication of the supplemental-Ad (acting as a 
helper of the helper). Therefore, die two vectors, die supplemental-Ad and the controlled- 
Ad, are mutually dependent upon one another for propagation. 
25 To confer tumor-specific propagation of both the supplemental-Ad and the 

controlled-Ad, the promoter of one or more of the early genes necessary for adenoviral 
replication is substituted by a tumor-specific or tumor-activated promoter. Any 
adenoviral gene necessary for replication may be utilized, such as El, E2, and E4; and 
any promoter showing tumor-specific activity may be used, such as a-fetoprotein, CEA, 
30 melanotransferrin, Erb-B2, tyrosinase, MUC1, PSA, for example. Specifically, the 
present invention comprises a controlled-Ad vector containing the El region with the 
El A promoter substituted by the a-fetoprotein promoter. Only cells that are able to 
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utilize the a-fetoprotein (AFP) promoter and that have been co-infected with the 
controlled-Ad and the supplemental-Ad (Le., at the site of injection) supports propagation 
of fee controlled-Ad and the supplemental-Ad. As both viruses are produced in similar 
amounts (due to the effect of fee partial deletion or modification in fee packaging signal 
5 of fee supplemental-Ad), neighboring cells will be co-infected and, if those cells are able 
drive El expression from fee AFP promoter (as many hepatocellular carcinoma tumor 
cells do), both viruses will continue to propagate. The farther fee distance from fee 
injection site (tumor or tumor bed after surgery), fee lower fee chances of co-infection 
and therefore vector spread is halted. This may be an important safety advantage over a 

10 single oncolytic vector scenario where, wife a leaking tumor-specific promoter, fee vector 
spread could be systemic. Another advantage of this invention over fee prior art is that 
the combination of two defective vectors allows much more room for therapeutic 
heterologous DNA. In a single oncolytic Ad vector carrying a tumor-specific promoter to 
substitute fee Ad El promoter, there is less than 4-kb room for additional effector genes 

15 into fee vector. In fee present invention, fee capacity of fee controlled-Ad for exogenous 
non-viral DNA is up to 36 Kb. Any gene wife an antitumor potential can be incorporated 
into fee controlled-Ad. In one preferred embodiment, immuno-stimulatoiy genes such as 
fee co-stimulatory molecule B7.1 and fee interleukin IFN-y are incorporated into fee 
controlled-Ad as two expression cassettes. 

20 1. The Complementary-Ad Vector System 

a- Composition of the system The complementary-Ad vector system consists of 
two major parts: (1) a packaging-attenuated supplemental-Ad vector which is El deleted 
or substituted and (2) fee cognate Ad vector feat only have a nnnimal amount of cis- 
element of the viral genome have El or other early stage genes, referred to as fee 

25 controlled-Ad vector. These vectors can be propagated in Ad helper cell lines that allows 
El frans-activation like 293 cells and/or regulation of packaging signal for fee 
supplemental-Ad. The supplemental-Ad has all of fee viral genes and elements that can 
be used for repKcating itself and frows-complementing fee controlled-Ad vectors, except 
that it has an El deletion or substitution and a manipulated packaging signal feat can be 

30 used to control or fescriminate itself in fee process of packaging fee controlled-Ad 
vectors. The controlled-Ad vectors, on fee other hand, has fee ITRs and wild-type 
packaging signal feat are cis-elements for Ad DNA replication and packaging. The 
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controlled-Ad can be controlled by two different ways: promoter replacement and/or 
functional deletion: 

0) Promoter replacement: The natural viral promoter of die early gene for 
control of viral replication can be substituted by a heterologous promoter, which is active 
5 or inducible only in the target cells. For example, the Ela promoter of adenovirus is the 
initiator of die viral replication cycle. The Ela promote- can be replaced by the a- 
fetoprotein promoter, which is active mainly in hepatocarcinoma cells. Other examples 
of promoters that are lineage-specific or can be specifically activated in tumor cells are 
listed in Figure 5C. 

10 ( 2 ) Functional deletion: An adenoviral gene that is not essential for the viral 

replicative cycle in the target cells can be deleted, which can differentiate the viral 
specific propagation in the target cells from that of non-permissive in non-target cells. 
For example, tumor cells are usually the cells in cycling so the adenoviral functions to 
induce cycling of normal resting of cells are no longer needed. Deletion of the adenoviral 

15 gene encoding the cell cycling inducer will abrogate the replicative capability of 
adenovirus in the normal resting cells. Two examples are the viral proteins Elb-p55 and 
Elb that are dispensible for virus propagation in p53-deleted (or mutated) and 
retinoblastoma-deleted (or mutated) tumor cells, respectively. The rest of the controlled- 
Ad vectors consists of transgene or heterologous DNA. Ad helper cell lines similar to 

20 293 cells have the capacity to activate the promoter driving the Ad El genes for trans- 
activating die supplemental-Ad transcription and replication. The cells may also have 
control mechanisms for the packaging attenuation of the supplemental-Ad. These cells 
may be used to propagate the supplemental-Ad without the aid of die controlled-Ad. 

b. Mechanism of operation of the system The design of this system is to have the 

25 tissue-specific or tumor-activated promoter activated in die helper cells or target tumor 
cells. The promoter drives the transcription of the El gene carried by the contiolled-Ad 
The El gene products can in turn drive the transcription and replication of the 
supplemental-Ad genome. The controlled-Ad genome can also be replicated 
simultaneously. Because the packaging protein of Ad is a trans-acting fector present in 

30 low amount in the infected cells and is the rate-limiting step for the packaging of Ad. As 
the wild-type packaging signal is recognized by the packaging protein with higher affinity 
than the engineered signal, packaging of the supplemental viral genomes with the 
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mutations in packaging signal can be partially or completely suppressed in the presence 
of the controlled viral genomes with wild-type packaging signal, which ensures a 
preferential packaging of the controlled-Ad vectors. Thus, toe two viral vectors are 
mutually dependent Further deletion or substitution of the supplemental-Ad in the other 
5 early regions (E2, E3, and/or E4) and equipment of toe controlled-Ad with the 
corresponding genes may increase toe packaging and titer of toe controlled-Ad and more 
dependence of toe supplemental-Ad on toe controlled-Ad. This is particularly useful for 
development of anticancer complementary-Ad vectors. The complementary-Ad vectors 
may be farther purified through biological, biochemical, or physical methods such as 
10 ultracentrifugation through CsCl gradient, if purification of toe Ad vectors is required for 
application (Fig. 2). 

c - Capability of toe system High gene-delivery capacity is one of toe major 
features of this complementary-Ad vector system. Both Ad vectors can carry 
heterologous DNA The maximal packaging capacity is about 105% of toe genome, i.e. 
15 about 38 kb (Ghosh-Choudhury et al, 1987). Since toe size of toe viral ciy-element in toe 
controlled-Ad vector can be trimmed to less than 1 kb, and toe deletion El and E3 gene in 
toe supplemental AD can add another 8 kb room, toe total capacity of toe 
complementary-Ad vectors to cany heterologous DNA can theoretically be up to 45 kb. 
The heterologous DNA can be either transgene expression cassettes or regulatory 
elements. The expression cassettes can be single or multiple, bicistronic or polycistronic. 
The regulatory elements can be DNA sequences for controlling transgene retention, 
transcription, and vector targeting. All of these become possible due to toe room created 
in toe complementary-Ad vectors. 
2. The Packaging-Attenuated Supplemental-Ad 
25 a. The prototype structure of the surmlemental- ^rf The supplemental-Ad vectors 

have two structural features: containing partial wild-type Ad genome and engineered 
packaging signal (Fig. 3). To depend on toe controlled-Ad vector, toe supplemental-Ad 
must be defective in replication, such as toe current El-deleted or substituted. For toe 
purpose of control of its packaging in toe presence of toe controlled-Ad vector, toe 
30 supplemental must be also attenuated in packaging (detailed in below). Therefore, the 
general structure of toe supplemental-Ad can be summarized as an Ad vector that has all 
of toe wild-type genome except mat toe El region and packaging si gnal are manipulated 
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However, the other essential regulatory genes of Ad such as E2 and E4 can also be 
manipulated or substituted. The viral genome can also be split into different pieces in 
order to further disable the replication competence of the supplemental-Ad or to reduce 
the genome size of the supplemental-Ad for farihtafing the replication and packaging of 
5 the controlled-Ad vectors. As long as the titer of the supplemental-Ad will not be 
significantly affected, both defect in viral replication and attenuation in packaging of the 
supplemental-Ad should be considered in the design of the structure of the supplemental- 
Ad. 

b - The general function of the supplemental-Ad The primary function of the 
10 supplemental-Ad is to supply capsids for packaging of the controlled-Ad vectors and lyse 
the target cells through viral propagation In Order to fulfill this function, the 
supplemental-Ad must be able to reproduce itself, although it is dependent on the 
activation of the tissue-specific promoter by the target cells on the El genes that are 
carried by the controlled-Ad. The DNA replication and transcription of the supplemental 
15 genome is not affected. Otherwise, the yield of the late gene products (the capsid 
proteins) will be affected accordingly and the titer of the controlled-Ad vectors will be 
reduced. The stringency of packaging attenuation of the supplemental-Ad can be greatly 
reduced. The supplemental-Ad under this condition may also function to deliver 
transgenes together with the controlled-Ad vectors. 
20 c - The designs for packaflinpr attenuation The purpose for attenuation of 

packaging the supplemental-Ad is to reduce the potential for foe supplemental-Ad over 
grow on foe controlled-Ad vectors. This is especially important when relatively high titer 
of foe controlled-Ad vectors was required for a particular application. The packaging 
function of foe supplemental-Ad is designed to be defective not completely disabled, 
25 because foe supplemental-Ad must remain together with foe controlled-Ad vector 
forming a complementary-Ad vector system. The followings are foe possibilities of 
designs for packaging attenuation of the supplemental-Ad. 

-Packaging signal mutation The Ad5 packaging signal is composed of a repeated 
element that is functionally redundant (Hearing et al, 1987) (Fig. 4). Partial deletions of 
foe packaging signal elements have been shown to reduce foe yield of mutant Ad from 
several fold to approximately a hundred fold that of the Ad with wild-type packaging 
signal (Grable and Hearing, 1992). The design of foe packaging signal mutation therefore 
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incorporates a partial deletion of the motifi of the A-repeats ftom the wild-type Ad 
packaging signal 

Synthetic packaging signal Since the Ad5 packaging signal has a consensus A 
(adenosine) enriched motif (e.g. A-repeat TAAATTTG), incorporation of an array of 
5 tandem repeats of a selected A-repeat or any synthetic DNA motifc may change die 
affinity of the artificial packaging signal to the packaging proteins and alternate 
packaging of the supplemental-Ad. 

-Packazinv sienal interference The Ad packaging signal is actually a specific 
DNA sequence that can be recognized and bound by die packaging proteins. In order to 

10 interfere with the effective binding of the packaging proteins to the signal, other DNA 
binding sequences can be put within or adjacent to the A-repeat array of the packaging 
signal of the supplemental-Ad The inserted binding sites will allow a high-affinity 
binding by their cognate DNA binding proteins that can positionally compete off the 
binding of the Ad packaging proteins to the Ad packaging signal, especially under the 

15 condition that the packaging signal of the supplemental-Ad has been mutated and the 
affinity of binding by the packaging proteins has been reduced 

-Packaging signal relocation The Ad packaging signal is naturally located at the 
left end of the wild-type Ad genome. There are reports that the packaging signal can be 
put at the rigfct aid and still be functional. This evidence indicates that the packaging 

20 signal is relocatable. A design that can position the engineered packaging signal at a non- 
wild-type location may be useful to further attenuate the packaging efficiency of the 
supplemental-Ad In addition, moving the packaging signal to another place may be 
helpful to minimize the possibility of the reversion of die supplemental-Ad back to wild- 
type Ad through homologous recombination between the engineered packaging signal of 

25 the supplemental-Ad and the wild-type packaging signal of the controlled-Ad vectors. 

To attenuate the packaging of the supplemental-Ad, two aspects can be 
considered: c£s-elements and trans-acting fectors. Therefore, other possible designs can 
be oriented towards these two aspects or any combination of these two aspects. The cis- 
elements are the A-repeats and the fro/w-acting fectors are the packaging proteins. Further 

30 consideration should be a controllable mechanism of packaging without sacrificing the 
high titer output of the controlled-Ad vectors by the system. 
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3. The ControDed-Ad Vector 

^ The basic structure of the controlled-Ad vector Ad vectors are used as a 
circularized plasmid form through the fusion of URs (Graham, 1984). The simplest 
plasmid form of the controlled-Ad vectors is the circular DNA that contains an ITR 
fiision, plasmid DNA replication origin, the Ad El gene, and polycloning sites. The ITR 
fusion contains die left end of the wild-type Ad from map unit 0 to 1 and the right end 
from map unit 99 to 100, in which the DNA replication origins of Ad are located in the 
both ITRs and the wild-type packaging signal located next to the left ITR. The 
controlled-Ad vector can be controlled in two different ways: promotes replacement and 
functional deletioa The Ad El -region genes with or without deletion are carried by the I 
controlled-Ad within a specific expression cassette that has a tissue-specific or tumor- \ 
activated or other promoter/enhancer to control the El genes. Figure 5 depicts the basic j 
composition of the controlled-Ad vectors. ) 

b. The structural and fu nctional possibilities of the controlled-Ad vectors Based \ 
upon the basic structure of the controlled-Ad vectors, other DNA sequences and elements j 
can be added as follows as examples: 

-Expression cassettes of trans^eries An expression cassette is a basic 
transcription unit A simple expression cassette of a given gene is usually a linear DNA 
structure that consists of a promoter, the gene of interest, and a polyadenylation (poiyA) 
signal. Within an expression cassette, two or more genes can be put to form bi- or poly- 
cistronic structure, as long as additional elements for translation or splicing of RNA are 
provided between the genes. Generally, controlled-Ad vectors can have one or multiple 
transgene expression cassettes. 

-Functional elements for vector DNA retention Those are the elements that can 
help integration of the expression cassette into target cell genome or maintain the 
controlled-Ad vectors as an episomal form in target cells. 

-ftezulatorv elements for control of DNA trmurriptinr, Those are the elements 
that have transcriptional regulation function such as enhancer, repressor or activator- 
binding site, intron, 5' or 3'-untranslated regions, etc. 

-Elements for vector and transeen e targeting Targeting can be achieved at least 
at two levels: vector surface modification and tissue-specific expression. Tissue specific 
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promoters can be utilized to avoid expression in any cell type but that targeted for 
delivery in vivo. 

-Qther supporting elements They can be DNA replication origins of prokaryotic 
or eukaryotic cells, plasmid or vector selection markers, and backbones of the vectors, 
5 etc. 

c. The designs for high titer production of (he controlled-Ad v^tn^ High-titer 
production of the controlled-Ad vectors is one of the major objects of this invention. One 
of die advantages of Ad vectors over other viral vectors is obtainable high-titer 
preparation of Ad vectors. The reasons for high titer propagation of Ad is mainly owing 
10 to large quantity of viral capsid protein production together with high copy number of 
viral genome. The followings are the examples of consideration on die methods for 
generating high-titer controlled-Ad vectors. 

—Enhanced DNA r eplication Ad has its own enzymatic system for DNA 
replication. The E2 region proteins are the major rrans-acting elements responsible for 
1 5 viral DNA replication. The replication origins are the cis-elements at the both ends of the 
viral genome. To enhance controlled-Ad genome replication, sufficient amount of E2 
proteins expressed from the supplemental virus should be provided. A high-level 
expression of the E2 region proteins may also be achieved by adding the E2 gene into the 
controlled-Ad genome in addition to that in die supplemental virus. Other mechanisms 
20 for increase in copy numbers of the controlled-Ad genome will also be considered. 

-Enhanced panging signal More or better packaging sequences (either adding 
more tandem repeats at one end or both, or generating synthetic packaging signals). 

-Enhanced packaging process The packaging process and mechanism of Ad 
have not been clearly understood Whether DNA binding proteins other than the 
25 packaging signal of Ad play synergistic roles for packaging is not certain. If it is, the 
sequences for DNA-binding proteins, refereed to anchorage points for packaging, 
naturally existing in the Ad genome may need to put back to the controlled-Ad genome. 
4. The Ad helper cell lines 

AD helper cell lines are used to provide large quantities of complementary AD 
vectors. Since the cell lines have trans-activation of the transcription of the AdEl genes 
carried by the controlled-Ad, which in turn to activate the transcription and replication 
program of the supplemental-Ad genome. Different from that in 293 cells, the El 
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fragment is designed to be carried by the controlled-Ad and have no overlapping 
sequences with the supplemental-Ad genome. The capability of the cell to activate the 
promoter/enhancer that controls the Ad El genes is critical for the cells to function as the 
helper cells for the complementary-Ad vectors. Other elements for genetic engineering of 
5 the helper cells are die genes for supporting high copy-number production of the 
controlled-Ad vector, enhancing packaging of the controlled-Ad vector, and attenuating 
the packaging of the supplemental- AcL 

4. The present invention is particularly useful in the following application: 

*• To induce local tumoricidal effect and systemic anticancer immunity through 
10 intratumoral or systemic injection o f the vectors Ad vectors have a strong infectivity in 
cultured tumor cells and different types of solid tumor models in vivo. This characteristic 
of the Ad vectors has been utilized for treatment of cancer. The efficacy of treatment 
depends upon the oncolytic effect of the replication and propagation of the 
complementary-Ad in the infected tumor cells and expression of the genes that are 
15 delivered by the vectors. Multiple genes with combined functions of cytokine, 
chemokine, interleukin, and immuno-modulation are necessary to optimize the systemic 
anticancer immune responses. The complementary-Ad vectors will have the capacity to 
deliver multiple genes and will be useful to construct the anticancer Ad for intratumoral 
or systemic injection to infect cancer cells. 
20 b. To modifr m vivo target cell function or regulate targ e t cell growth thmnp h 

genetic modification Ad vectors have an advantages over other viral vectors in 
production of high titer viruses, which is useful for in vivo gene therapy. For treatment of 
epithelial or endothelial proliferating diseases such as scar tissue, prostate enlargement, 
vascular neointema, the complementary-Ad vectors with transiently tissue-specific 
25 suppression of the proliferating cells can be used for local application. Therefore, it will 
be useful for modifying in vivo target cell function or regulating target cell growth 
through genetic modification. 

c - To specifically deliver transgenes t o target cells or tissues in vivo throu gh 
sur&ce modification of the vectors For example, the genes of hexon and fibers can be 
engineered to fuse with certain epitopes or ligands (e.g. the protein A that binds to Fc 
fiagment oflgG). These modified genes can be put back to the recombinant viral genome 
for generation of the viruses that have surface sites to be interacted with other ligands as 
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targeting agents. The viral particles thus produced will have tissue or cell recognition 
capabilities. 

e. To be used for Ad-mediated vac cination via direct in vivo approaches For the 
purpose of vaccination, the immunogenicity of the El -substituted Ad vectors may be 
5 beneficial, which has been used in development of Ad-based recombinant vaccines. The 
contribution of the controlled-Ad vectors for this type of application will be using the El- 
substituted Ad vectors as the helper virus and co-delivering genes of antigens and 
immuno-enhancement Specific control of the El can be designed using special 
promoter/enhancer, such as an inducible promoter. 

10 g- To be used as tools f or basic research and development of adenovirology and 

novel vector construction The complementary-Ad vector system itself has a great value 
for adenovirology. The construction and demonstration of the feasibility and operation 
are already a significant progress in the field The supplemental-Ad and the controlled-Ad 
can be convenient tools for study of the Ad and its potential applications. This is 

15 particularly true for the controlled-Ad vector. The characterization of the replication, 
packaging, and propagation efficiency of the controlled-Ad will provide the field with 
important information. 

h. To be used in combination with other methodology in the field of pene transfer 
and therapy Ad vectors have been used together with polylysine, liposome, and other 

20 conjugation materials as a gene delivery complex. The complementary-Ad vectors can 
also be used in these types of combination. 

i. To be used for other p urposes in the field of gene transfer and therapy The 
complementary-Ad vector system has a great potential to be used for gene transfer and 
therapy in addition to what have been discussed above. The possibilities will come across 

25 along the further development of the field of gene transfer and therapy. 

Example 1 

Construction of a controlled-Ad vector containing the El genes driven by the tumor- 
specific a-fetoprotein (AFP) promoter/enhancer and expressing immune modulatory 
30 genes. 

The present invention relates to adenoviral vectors which can be used to treat 
neoplasia. The vectors are made by combination of two defective vectors that 
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complement each other and containing tumor-specific promotes driving essential viral 
genes. In a preferred embodiment a vector deleted in all the viral genes (controlled-Ad) 
and containing a a-fetoprotein promoter-El cassette is combined with an El-deleted 
helper with a mutated packaging signal The supplemenlal-Ad is deleted in the packaging 
5 signal to reduce its packaging advantage over the controlled-Ad. A supplemental-Ad 
(AdHB) with a packaging signal double deletion from adenoviral nucleotides 194 to 247 
and from 274 to 3 58 has been constructed and generated as shown in figures 6 and 7, 

One characteristic of hepatocellular carcinoma is that most of patients have an 
elevated a-fetoprotein (AFP) level in serum (Engstrom et al, 1997). This high level of 

10 AFP expression is transcriptionally controlled by the S'-flanking sequence of the AFP 
gene, which occurs in hepatocellular carcinoma but not in surrounding normal liver. The 
specificity of AFP promoter/enhancer activation in hepatocellular carcinoma makes a 
specific control of Ad El gene possible for the complementary-Ad vector system. The 
present invention provides an expression cassette that has the Ad El genes placed 

15 downstream the S'-flanking sequence of the AFP gene for a hepatoma-specific 
transcription activation. The cassette is carried by the controlled-Ad vector (pGT8025). 
For induction of anticancer immune response, two additional expression cassettes 
comprising the cDNAs encoding B7.1 co-stimulating fector and interferon-y are included 
in the controlled-Ad vector. 

20 To construct the controlled-Ad vector pGT8025, the green fluorescence protein 

(GFP) gene is excised from Sal I (blunt-ended) / Not I site in pAFPGFP and is replaced 
with El region excised from the Spe I (blunt-ended) / Not I site in pcEl. A Not I linker 
was then ligated to the Xho I site at 5* of AFP promoter. Expression cassettes containing 
RSV/B7-1 and EFp/IFN-y were then excised from pB7/IFN-y by digestion with Pac I. 

25 The expression cassette was then cloned into the Pac I site of pGT5405 to generate 
pGT8026. The fragment containing the AFP/El expression cassette was then excised 
from pGT2085 using Not I and inserted into the Not I site of pGT8026 to generate the 
controlled-Ad vector pGT8027 (Fig. 8). 

The controlled-Ad vector is then utilized to generate the "complementary-Ad" 

30 vector system by co-transfection with the supplemental-Ad DNA into a helper cell line 
that can activate the AFP promoter such as the HepG2 cell line. Generation of the 
complementary-Ad vectors may also result from transfection of the controlled-Ad vector 
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into the helper cell line, followed by the infection of the supplemental-Ad, for rescue of 
the controlled- Ad. Further details provided in Example 4. 

Example 1 

5 Construction of a controUed-Ad vector containing El genes driven by HI autonomous 

parvovirus promoter 
The increased susceptibility of neoplastic cells to parvovirus-induced cytotoxicity 
is accompanied by an enhancement of their ability to sustain the complete parovo viral life 
cycle, or at least some stages of it At the molecular level, the products of the non- 
10 structural transcription unit play a central role in this selective behavior, since malignant 
transformation appears to modulate the production, nuclear translocation, and activity of 
viral NS proteins, causing the cytotoxicity and allowing progression of the viral life 
cycle, i.e., DNA replication, trans-activation of the p38 promoter, and virus production. 
(Cornelis et ah 1990; Spegelaere et al, 1991). 
15 On this basis of the autonomous viral biological properties (inocuousness, 

oncotropism, oncosuppressive activity, and ability to replicate in human cells), the rodent 
parvoviruses have been engineered into vector form for tumor cell targeted gene therapy 
(Russell et al, 1992; Dupont et al, 1994). The present invention provides a 
complementary-Ad vector system that includes the HI autonomous parovoviral control 
elements for tumor-specific transcription activation of the Ad El genes is also based on 
the oncotropism and onco-replicafive property of the virus. 

Construction of a controlled-Ad vector having the Ad El genes under control of 
HI autonomous parovoviral promoter was performed by manipulation of plasmid pFHl 
that contains the p4 and p38 promoters and the complete NS1 gene of HI autonomous 
25 parvovirus (Fig. 9). A Not I linker was ligated to the Ecll36 n site of pFHl at the 3' end 
of the p38 promoter. The El adenoviral genes were then inserted downstream of the p38 
promoter at the Xba I / Not I region of pFHl-Not L Another Not I linker was then ligated 
to the Sal I site at 5' end of the p4 promoter. The Not I fragment containing El genes 
under control of p4 and p38 promoter was then inserted into Not I site of pGT8026 
30 (Example 1) to generate the controlled-Ad vector pGT8028. 

For generation of the complementary-Ad with control through the HI autonomous 
parovoviral promoter, the helper cells are able to utilize the p4 and p38 promoters. Many 



20 
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cancer cell lines or transformed cells, such as Hela, Jarket, KMMST6, MRC-5, FRE J4, 
U937, THP-1 , and the like, can serve this purpose. 

Example 3 

Variation of the complementary-Ad vector for gene therapy of cancer and other 



Examples 1 and 2 demonstrate two designs for the complementary-Ad vector 
system, using a tissue-specific and tumor-activated promoter/enhancer to drive the Ad 
El, respectively. Figure 10 depicts other possibilities for the system. The genome of the 

1 0 supplemental-Ad and die controUed-Ad may include placement of Ad genes in one vector 
or the other such mat each complements the other. The El gene is primarily included in 
the controlled-Ad genome. The complementation elements between the two vectors are 
listed in Figure 10C. The transgene and supporting elements are generally included in the 
controlled-Ad vector, but the supplemental-Ad may also comprise such genes under 

15 certain circumstances. Deletion of an early Ad gene that encodes the cell cycling inducer 
will abrogate the reparative capability of adenovirus in die normal resting cells, but allow 
the controlled-Ad specifically drive replication and propagation of the complementary- 
Ad vectors in tumor cells that have defect in the counterpart of the deleted viral gene 
product Two examples are the viral proteins Elb-p55 and Elb that are dispensible for 

20 virus propagation in p53-deleted (or mutated) or retinoblastoma-deleted (or mutated) 
tumor cells, respectively. 



Example 4 

Generation and use of the complementary-Ad vector for gene therapy of cancer 
25 To generate the complementary-AD viral vectors, a helper cell line mat is able to 

utilize the specific promoter of the El genes placed in the controlled-Ad. The present 
invention provides two separate complementation protocols that may be utilized and yield 
similar results. Figure 11 describes the viral generation process. In the first of these 
methods, the controlled-Ad plasmid is co-transfected with purified supplemental-Ad 
30 DNA into a helper cell 293. Following co-transfection, the helper cells are maintained in 
culture until a cytopathic effect (CPE) is observed. In the second method, three days after 
an initial co-transfection of the controlled-Ad plasmid with a supplemental-Ad plasmid 
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pBHGlO, the host cell is infected by the supplemental-Ad (AdHB) to rescue the 
controlled-Ad Hie treated cells are maintained in culture until CPE appears and virus is 
harvested by three freeze / thaw cycles. 

Following harvest of the lysate after utilization of either of the above-described 
5 methodologies, the lysate (passage 0 of the produced controlled-Ad) was used to infect a 
fresh monolayer of 90% confluent 293 cells (using 1 to 3 amplification scale). One day 
after infection, the controlled-Ad was detected under a fluorescent microscope and the 
presence of helper was detected by X-gal staining. If supplemental virus was present in 
die lysate, further incubation of the cells led to the amplification of die controlled plus 

10 supplemental mixture with the appearance of CPE (the new lysate of this monolayer will 
be considered as passage 1 of the minivirus). If no supplemental was present in the lysate, 
the controlled-Ad alone would not replicate and only by the addition of new supplemental 
the CPE would new virus be generated Therefore, the presence of the supplemental-Ad 
may be assessed by X-gal staining and, with much higher sensitivity, by appearance of a 

15 CPE. 

Following isolation of complementary Ad vectors, the viruses may be purified 
from cellular debris using CsCl gradients and injected locally or systemically to infect the 
tumor mass or the tumor bed following surgical debuDcing. The tumor-activated 
promoter/enhancer transcribes the AdEl genes specifically in tumor cells to produce the 

20 E1A and E1B proteins that can further trans-activate the transcription and replication 
program of the supplemental-Ad The controlled-Ad vector also replicates with 
propagation of the supplemental-Ad. Replication of the controlled-Ad produces high 
copy numbers of the controlled-Ad genome, which may support high level expression of 
the immunomodulatory genes to induce specific anti-cancer immunity. Propagation of 

25 the supplemental-Ad serves to lyse die tumor cells and further carry on the infection in 
neighbor cells as well as generate an immune response. The continuous local tumoricidal 
effect leads to a systemic antitumoral response that involves rejection of distant 
metastases (Fig. 12). 
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CLAIMS 

We claim: 

1. A composition comprising a first and a second adenoviral vector each having 
complementary gene sequences and being mutually dependent on each other for 
replication in a target cell wherein said first adenoviral vector has a target cell- 
activated promote- or a functional deletion, which controls and limits propagation of 
the first and the second adenoviral vectors to the target cell which directly or 
indirectly kills the target cell. 

2. A composition of claim 1 wherein one of the adenoviral vectors encode a protein 
which directly or indirectly kills the target cell. 

3. The composition of claim 1 wherein the target cell is a tumor cell. 

4. A composition according to claim 1 wherein one of the adenoviral vectors is a 
controlled vector having a promoter activated in tumor cells. 

5. The composition of claim 1 wherein one of the adenoviral vectors is a controlled 
vector having a functional deletion in a viral gene that is dispensable in the target 
cells. 



6. The composition of claim 1 wherein one of the adenoviral vectors is a supplemental 
adenoviral vector that support the propagation of the controlled adenoviral vector. 

7. The composition of claim 1 wherein one or both of the adenoviral vectors comprises a 
gene encoding an immunomodulatory protein or other functional protein such that the 
protein is expressed in the target cells. 

8. The composition of claim 1 wherein the tumor activated promoter is selected from the 
group consisting of a-fetoprotein promoter, DF-3 mucin enhancer, tyrosinase 
promoter, CEA promoter, PSA promoter, H, parvovirus promoter, inducible 
promoters, and synthetic promoters. 
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9. The composition of claim 1 wherein (he immunomodulatory protein is selected from 
the group consisting of interferon-a, B7 co-stimulatory factor, interieukin, 
chemokine, and tumor-specific antigen. 

10. The composition of claim 1 wherein the target cell is selected from the group 
consisting of hepatoma, breast cancer, melanoma, lung cancer, colon cancer, and 
prostate cancer. 

11. A composition comprising the adenoviral vector illustrated in Figure 8 termed 
pGT8027. 

12. A composition comprising the adenoviral vector illustrated in Figure 9 termed 
pGT8028. 

13. A method of preparing a composition of claim 1 comprising: 

transfecting a host cell with an adenoviral vector comprising a controlled-Ad vector 
sequence having an ETR sequence, a packaging sequence, a cell- or tissue-specific 
transcriptional control region operably linked to a gene encoding an AdEl protein and a 
transcriptional control region operably linked to a gene encoding an immunomodulatory 
protein; 

infecting the transfected host cells with a supplemental-Ad vims having a manipulated 
packaging signal; and 

preparing a cell-free lysate from said host cells; 

wherein the cell-free lysate comprises infective, replication-controlled recombinant 
controlled-Ad and supplemental- Ad vectors. 
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14. A method of generating a complementary-Ad vector for treatment of a disease 
comprising! 



infecting with a composition of claim 1 a host cell having the ability to drive gene 
5 expression from the controlled-Ad vector tissue-specific promoter; and 

preparing a cell-free lysate from said host cells; and 

isolating the complementary-Ad vector comprising a mixture of the controlled-Ad vector 
10 and the supplementary-Ad vector. 

15. A method of preparing complementary-Ad vectors comprising: 

infecting with a composition of claim 1 a host cell having the ability to drive gene 
1 5 expression from the controlled-Ad vector tissue-specific promoter, 

preparing a cell-free lysate from said host cells; 

purifying the controlled-Ad vector and the supplemental-Ad vector, and 

separating the controlled-Ad vector from the supplemental- Ad vector. 

1 6. A method of generating a complementary-Ad vector composition for treatment of 
a disease comprising: 



20 
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co-transfecting a host cell with a controlled-Ad vector sequence having an ITR sequence, 
a packaging sequence, a cell- or tissue-specific transcriptional control region operably 
linked to a gene encoding an AdEl protein and a transcriptional control region operably 
linked to a gene encoding an immunomodulatory protein and a supplemental-Ad vector 
30 sequence having an altered packaging signal; and 



preparing a cell-free lysate from said host cells; 
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wherein the cell-free lysate contains infective, replication-impaired complementary 
adenoviral vector particles. 

5 17. An adenoviral vector useful for generating an infectious, replication-defective 
recombinant adenoviral particle comprising an adenoviral ITR, a packaging 
signal, and a first and second transcriptional control region, wherein each of said 
transcriptional control regions are operably linked to an effector or reporter gene. 

10 18. An adenoviral vector of claim 17 wherein said packaging signal is a wild-type 
packaging signal. 

19. An adenoviral vector of claim 17 wherein said first transcriptional specifically 
controlled region functions in a cell- or tissue-specific manner. 



15 
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An adenoviral vector of claim 17 wherein said effector gene encodes an Ad El. 
protein. 



21. An adenoviral vector of claim 17 wherein said first specifically controlled 
20 transcriptional region functions in a cell- or tissue-specific or inducible manner 

that is operably linked to an effector gene which encodes an Ad El protein. 

22. An adenoviral vector of claim 17 wherein said first transcriptional control region 
is the a-fetoprotein promoter/enhancer and is operably linked to an effector gene 

25 encoding an Ad El protein. 

23. An adenoviral vector of claim 17 wherein said second transcriptional control 
region is operably linked to a gene encoding an immunomodulatory protein. 
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24. 



An adenoviral vector of claim 17 wherein said second transcriptional control 
region is operably linked to a gene encoding the B7.1 protein. 
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An adenoviral vector of claim 17 that further comprises a third transcriptional 
control region operably linked to a gene encoding an immunomodulatory protein. 

An adenoviral vector of claim 17 that further comprises a third transcriptional 
control region operably linked to a gene encoding IFN-y. 

An adenoviral vector of claim 17 wherein said first transcriptional control region 
is the a-fetoprotein promoter/enhancer and is operably linked to an effector gene 
encoding an Ad El protein; said second transcriptional control region is operably 
linked to a gene encoding the B7.1 protein; said DNA molecule further 
comprising a third transcriptional control region operably linked to a gene 
encoding IFN-y. 

The adenoviral vector illustrated in Figure 8 tamed pGT8027. 

The adenoviral vector illustrated in Figure 9 termed pGT8028. 

A supplemental-Ad vector comprising a partial wild-type Ad genome and a 
modifier attenuated packaging signal. 

A supplemental-Ad vector of claim 30 wherein the El region of the Ad genome is 
deleted or substituted 

A supplemental-Ad vector of claim 30 wherein the E2 region of the Ad genome is 
deleted or substituted 

A supplemental-Ad vector of claim 30 wherein the E4 region of the Ad genome is 
deleted or substituted 

A supplemental-Ad vector of claim 30 wherein the El region and the E2 region of 
the Ad genome are deleted or substituted 
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35. A supplemental-Ad vector of claim 30 wherein the El region and the E4 region of 
the Ad genome are deleted or substituted. 

36. A supplemental-Ad vector of claim 29 wherein the El , E2 and E4 regions of the 
5 Ad genome are deleted or substituted 



37. A method of treating cancer comprising local intratumoral administration or 
systemic administration of a controlled-Ad vector having a tumor-specific 
transcriptional regulatory region operably linked to a gene encoding an Ad El 
protein, a second transcriptional regulatory region operably linked to a gene 
encoding an immunomodulatory protein, and a supplemental-Ad vector having an 
altered packaging signal and a deleted El region to a patient whereby recombinant 
adenoviral vectors are propagated in tumor cells such that a local and a systemic 
anti-tumor immune responses are generated 
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38. A method of treating cancer with infection of complementary-Ad vectors 
comprising a controlled-Ad vector having a deletion in Elb or Elb-p55 gene from 
the Ad El genes, in which the El a genes are undo: control of a tissue-specific or 
tumor-activated transcriptional regulatory region, a second transcriptional 
regulatory region operably linked to a gene encoding an immunomodulatory 
protein, and a supplemental-Ad vector having an altered packaging signal and a 
deleted El region. 



39. 
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A method of treating cancer comprising local intratumoral or systemic 
administration of a composition of claim 3. 



WO 98/35028 



PCT/US98/01301 



1/12 



The genome and transcription units of Ad5 
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Principle of the complementary-Ad vector system 
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Packaging signal of Ad5 
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Prototype of the supplemental-Ad and controIled-Ad vector 



The basic structure of the supplemental-Ad vector 



El-Substituted 
with a Marker 
Expression Cassette 
ITR £j 

A 



WUd-Type Ad5 Genome 



Attenuated 
Packaging 
Signal 



B« The basic structure of the controIled-Ad vectors 
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Basic composition of the oncolytic/immunogenic 
complementary-Ad vector system 
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C. Examples of tumor-activated promoters and immune modulatory genes 
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Construction of the shuttle vector to generate 
the packaging attenuated soppIemental-AdHp 
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Generation of Ad Hp 
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Cloning of controlled- Ad vector pGT8027 
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Cloning of controlled-Ad vector pGT8028 
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Variation possibilities of the oncolytic/immunogenic 
complementary-Ad vectors 
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B. Coutrolled-Ad vector that requires the supplemental-Ad and delivers transgenes 
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Methods for generation of complementary-Ad vectors 



AdHfcal genomic DNA 



ControIIed-AdGFP 
Plasmid 



Co-transfection 



o 



helper Cells 




Helper Cells 
with CPE 




o 



V 





A* 



Supplementary-Ad 
infection for 
rescuing controlled- Ad 




*9h 



Mixture of Two 
Ad vectors 



WO 98/35028 



PCT/US98/01301 



12/12 

Generation and application of the oncolytic/immunogenic 
complementary-Ad vectors 
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